1. Introduction
===============

Acute respiratory tract infection (ARTI) is the most common causes of outpatient visit and hospital admission for children.^\[[@R1]\]^ The severity of the ARTI varies substantially depending on the site of infection, the type of viruses, involved organs and comorbidities.^\[[@R2]\]^ For example, viral pneumonia can be life threatening due to uncontrolled systematic inflammatory response, leading to septic shock, acute respiratory distress syndrome (ARDS) and multiple organ failure.^\[[@R3]--[@R5]\]^ These later conditions require intensive care unit admission, and are associated with significantly increased risk of death, high medical cost and family distress.^\[[@R4]\]^ It was estimated that there were approximately 1.9 million children died annually from ARTI, and most of them were from developing countries.^\[[@R6]\]^ The type of respiratory viruses is very important for the understanding of the underlying pathogenesis of respiratory infections in children. A recent epidemiological study involving 17 centers and 8 countries showed that rhinovirus/enterovirus (41.5%) is the most prevalent viruses causing children\'s respiratory infection, followed by influenza (15.8%), adenovirus (9.8%), parainfluenza, and respiratory syncytial virus (RSV) (both 9.7%).^\[[@R7]\]^

China is a country with the largest population in the world. With the implementation of 2-child policy, the children\'s hospitals in China are facing great challenge to treat increasing number of children. ARTI is the most common reason for outpatient visit and hospital admission in China,^\[[@R8]\]^ imposing a great challenge for clinicians. Throat swab and sputum samples are usually ordered for children with suspected ARTI and the number is very large.^\[[@R9],[@R10]\]^ However, there is no study reporting epidemiological data on test results of respiratory viruses. The study aimed to report epidemiological data on respiratory viruses in a university-affiliated children\'s hospital. Furthermore, we investigated distributions of different types of respiratory viruses with seasonal changes. Risk factors for positive results for adenovirus, influenza A, influenza B, and respiratory syncytial virus (RSV) were also investigated.

2. Methods
==========

The study was a retrospective study conducted in a university affiliated children\'s hospital from 2016 May to 2017 April. The results of all nasopharyngeal swab and sputum samples sent for the test for respiratory viruses (adenovirus, influenza A, influenza B, and respiratory syncytial virus) were extracted from the electronic healthcare records. Samples with missing information on test results were excluded. The study was approved by the ethics committee of Children\'s Hospital of Zhejiang University School of Medicine (2018-IRB-001).

2.1. Examination of respiratory viruses
---------------------------------------

Adenovirus was detected using the colloidal gold method (diagnostic kit provided by KaiBiLi Company; Genesis Co.; <http://www.hgb.com.cn/En/about.html>). Samples were obtained using the throat swab, which was immediately prepared for analysis. If a sample cannot be analyzed immediately, it could be stored in 2°C to 8°C for at most 8 hours. The throat swab should not be touched with saliva. RSV was detected using diagnostic kit (colloidal gold method, KaiBiLi), which was able to identify type A and type B but not to distinguish subtypes. Influenza A and B were detected using nucleoprotein antigen test kit (colloidal gold method, KaiBiLi).

2.2. Clinical variables
-----------------------

Relevant clinical variables including age, gender, type of sample (throat swab and sputum), source of sample (emergency room vs others), and date of sampling were also collected. The date of sampling was categorized into 4 seasons of spring, summer, autumn, and winter. Age was obtained by the difference between date of birth and the date of sampling. Age was an important factor that might influence the distributions of respiratory virus in Children.^\[[@R11]\]^ Season was also an important factor determining the epidemic waves of ARTI in children.^\[[@R12]\]^ Spring was defined as the period from 2016 May 2, 2016 to May 5, 2016 and from February 3, 2017 to April 9, 2017. Summer was defined from the period from May 5, 2016 to August 7, 2016. Autumn was from August 7, 2016 to November 7, 2016 and winter was from November 7, 2016 to February 3, 2017. Furthermore, samples obtained from emergency room and ward can be quite different, for example, samples from ER were more likely to be due to acute respiratory tract infection, while those from ward were obtained from patients with other medical conditions such as hematological malignancy, and thus source of sample was also included for analysis.

2.3. Statistical analysis
-------------------------

All samples were divided into 2 groups by the results of virus test (positive vs negative). Numeric variables were expressed with mean and standard deviations, and were compared between groups by using *t* test. Categorical variables were expressed as the number and proportion, and were compared by using Chi-square test or Fisher\'s exact test as appropriate.^\[[@R13]\]^ The R package *CBCgrps* was employed for statistical description and bivariate inference.^\[[@R14]\]^ Within each calendar month, the number of positive and negative samples was displayed in a barplot. The percentages of positive samples were reported in the barplot for each respiratory virus. To investigate variables associated with positive results, multivariable Logistic regression model including all potential factors (age, gender, season, source of sample, type of sample) was employed.^\[[@R15],[@R16]\]^ Due to limited number of covariates and the large number of observations, the full model was not reduced (low risk of over fitting). Multivariable Logistic regression model was built upon complete case analysis that observations with missing values on covariates were excluded.^\[[@R17]\]^ Two-tailed *P* value \<.05 was considered as statistical significant. All statistical analyses were performed using R software (version 3.3.2).

3. Results
==========

A total of 34,961 samples were identified during the study period. A total of 3102 (8.9%) samples were positive for adenovirus, 2811 (8.0%) were positive for influenza A, 3460 (9.9%) were positive for influenza B, and 4527 (13.0%) were positive for respiratory syncytial virus. The positive rate of adenovirus was highest in April (50.8%), and lowest in November (3%). The number of sampling was increasing abruptly from November 2017, which was attributable to more outpatient visits for respiratory problem in Autumn and Winter periods (Fig. [1](#F1){ref-type="fig"}). The absolute number of positive samples for adenovirus was highest in June (n = 587) and April (n = 544). The positive rate of influenza A was highest in December (18.5%), and lowest in July (0) and August (0.2%). The absolute number of positive samples for influenza A was highest in December (n = 1187) and lowest in August (n = 0, Fig. [2](#F2){ref-type="fig"}). The positive rate of influenza B was highest in April (23.9%), and lowest in December (0.4%) and November (0.6%). The absolute number of positive samples for influenza B was highest in March (n = 1548) and lowest in November (n = 22, Fig. [3](#F3){ref-type="fig"}). The positive rate of RSV was highest in December (28.5%), and lowest in June (2.9%) and July (4.3%). The absolute number of positive samples for RSV was highest in December (n = 1825) and lowest in May (n = 28, Fig. [4](#F4){ref-type="fig"}). There were 207 children with combined infection of adenovirus and RSV, 21 children with combined infection of influenza A and RSV, 63 children with combined infection of influenza B and RSV, 9 children with influenza A and adenovirus, 46 children with influenza B and adenovirus and 2 children with combined infection of influenza B, RSV and adenovirus.

![Distribution of positive rate for adenovirus during the study period. The positive rate of adenovirus was highest in April (50.8%), and lowest in November (3%). The absolute number of positive samples for adenovirus was highest in June (n = 587) and April (n = 544).](medi-97-e11385-g001){#F1}

![Distribution of positive rate for influenza A during the study period. The positive rate of influenza A was highest in December (18.5%), and lowest in July (0) and August (0.2%). The absolute number of positive samples for influenza A was highest in December (n = 1187) and lowest in August (0).](medi-97-e11385-g002){#F2}

![Distribution of positive rate for influenza B during the study period. The positive rate of influenza B was highest in April (23.9%), and lowest in December (0.4%) and November (0.6%). The absolute number of positive samples for influenza B was highest in March (n = 1548) and lowest in November (n = 22).](medi-97-e11385-g003){#F3}

![Distribution of positive rate for respiratory syncytial virus (RSV) during the study period. The positive rate of RSV was highest in December (28.5%), and lowest in June (2.9%) and July (4.3%). The absolute number of positive samples for RSV was highest in December (n = 1825) and lowest in May (n = 28).](medi-97-e11385-g004){#F4}

Samples from boys were more likely to have positive result for adenovirus (0.56 vs 0.54 for positive vs negative; *P = *.003). Swab samples were more likely to be positive for adenovirus (0.32 vs 0.24; *P \< *.001). However, samples from emergency department were less likely to have positive results for adenovirus (0.01 vs 0.03; *P \< *.001). Most of the samples were ordered during spring (44%) and winter (40%). In summer, the samples were more likely to be positive for adenovirus (0.4 vs 0.04; *P \< *.001, Table [1](#T1){ref-type="table"}). In winter, the samples were more likely to be positive for influenza A (0.72 vs 0.37; *P \< *.001). Sputum samples were more likely to be positive for influenza A (0.82 vs 0.75; *P \< *.001, Table [2](#T2){ref-type="table"}). However, influenza B was more likely to be positive in Spring (0.89 vs 0.39; *P \< *.001, Table [3](#T3){ref-type="table"}). The samples positive for RSV were more likely to be obtained by throat swab (0.26 vs 0.24; *P \< *.001). The positive rate for RSV was the highest in winter (0.72), followed by spring (0.21), autumn (0.05), and summer (0.02). There was no significant difference in the source of sample between groups of positive versus negative for RSV (Table [4](#T4){ref-type="table"}).
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Comparing baseline characteristics of samples tested negative and positive for adenovirus.
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Comparing baseline characteristics of samples tested negative and positive for influenza A virus.
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Comparing baseline characteristics of samples tested negative and positive for influenza B virus.
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###### 

Comparing baseline characteristics of samples tested negative and positive for respiratory syncytial virus.
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In multivariable logistic regression analysis, age was independently associated with positive result for adenovirus (Table [5](#T5){ref-type="table"}). With 1 year increase in age, the odds of positive result increased by 2% (odds ratio \[OR\]: 1.02; 95% confidence interval \[CI\]: 1.01--1.04; *P = *.001). Male gender was associated with higher risk of positive for adenovirus (OR: 1.10; 95% CI: 1.02--1.20; *P = *.017). The type of sample was not significantly associated with positive result. As compared with the autumn, samples collected in the summer were more likely to be positive for adenovirus (OR: 14.48; 95% CI: 12.17--17.34; *P \< *.001), whereas the winter was associated with lower risk of positive result (OR: 0.81; 95% CI: 0.68--0.97; *P = *.018). For the test of influenza A (Table [6](#T6){ref-type="table"}), age was independently associated with positive result. With 1 year increase in age, the odds of positive result increased by 12% (OR: 1.12; 95% CI: 1.11--1.13; *P \< *.001). Male gender was not associated with risk of positive results. Samples obtained by throat swab was less likely to report positive result for influenza A (OR: 0.68; 95% CI: 0.62--0.76; *P \< *.001). As compared with the autumn, samples obtained in summer were more likely to be positive for influenza A (OR: 0.06; 95% CI: 0.02--0.12; *P \< *.001), whereas the winter was associated with higher risk of positive result (OR: 3.68; 95% CI: 3.03--4.51; *P \< *.001). For the test of influenza B (Table [7](#T7){ref-type="table"}), age was independently associated with positive result. With 1 year increase in age, the odds of positive result increased by 25% (OR: 1.25; 95% CI: 1.23--1.27; *P \< *.001). Male gender was not associated with risk of positive results. Samples obtained by throat swab was less likely to report positive result for influenza B (OR: 0.82; 95% CI: 0.74--0.91; *P \< *.001). Samples obtained in the emergency department were less likely to have positive results (OR: 0.39; 95% CI: 0.29--0.52; *P \< *.001). As compared with the autumn, the samples obtained in summer were more likely to be positive for influenza B (OR: 1.3; 95% CI: 1.01--1.67; *P = *.04), whereas the winter had lower risk of positive result (OR: 0.12; 95% CI: 0.09--0.16; *P \< *.001). For the test of RSV (Table [8](#T8){ref-type="table"}), age was independently associated with positive result. With 1 year increase in age, the odds of positive result decreased by 11% (OR: 0.89; 95% CI: 0.88--0.90; *P \< *.001). Male gender was not associated with risk of positive results. Samples obtained in the emergency department were more likely to have positive results (OR: 1.22; 95% CI: 1.02--1.45; *P = *.031). As compared with the autumn, the samples obtained in summer were less likely to be positive for RSV (OR: 0.49; 95% CI: 0.38--0.62; *P \< *.001), whereas the winter was more likely to have positive result (OR: 3.88; 95% CI: 3.37--4.50; *P \< *.001).
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Multivariable logistic regression analysis exploring independent factors associated with positive result for adenovirus.
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Multivariable logistic regression analysis exploring independent factors associated with positive result for influenza A.
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Multivariable logistic regression analysis exploring independent factors associated with positive result for influenza B.
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###### 

Multivariable logistic regression analysis exploring independent factors associated with positive result for respiratory syncytial virus.
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4. Discussion
=============

The study showed that among samples tested for respiratory virus, RSV had the highest positive rate (13.0%), followed by influenza B (9.9%), adenovirus (8.9%), and influenza A (8.0%). The positive rates for the 4 respiratory viruses changed in distinct seasonal patterns. Adenovirus was most likely to be detected in summer, followed by spring, winter and autumn. Influenza A was most likely to be detected in winter, followed by spring, autumn, and summer. Influenza B was most likely to be detected in spring, followed by autumn, summer, and winter. RSV was most likely to be detected in winter, followed by spring, autumn, and summer. The multivariable analysis confirmed these results. The seasonal pattern of these common ARIT viruses can help to develop annual vaccination policy for children. Vaccination can effectively reduce the incidence and severity of respiratory infection in children older than 6 months.^\[[@R18]\]^

Taylor et al conducted an epidemiological study involving 17 centers in 8 countries, which showed very similar prevalence for influenza (15.8%), adenovirus (9.8%), and RSV (9.7%). While the prevalence of RSV in our study was higher than Taylor\'s study (13.0% vs 9.7%), the prevalence of influenza was lower than that study (8%--9% vs 15.8%). Consistent with Taylor\'s study, the rate of influenza virus increased with age, while the RSV declined with age. However, while our study showed increased positivity of adenovirus with age (OR: 1.02; 95% CI: 1.01--1.04; *P = *.001), Taylor\'s study showed declining prevalence of adenovirus with age.^\[[@R7]\]^ The difference might be attributable to different methodological designs for the 2 studies. While Taylor\'s study was a population-based study that all eligible healthy children receiving H1N1 vaccine were enrolled, our study was based on a tertiary care hospital. Furthermore, Taylor\'s study analyzed their data in patient level, and each case was confirmed to have the diagnosis of virus infection. However, our study was based on swab or sputum samples, some positive samples may not represent a clinical infection and 1 patient can have several samples.

Traditionally, nasopharyngeal washes or swabs were used for the diagnosis of respiratory viral infection. Sputum is secreted from lower respiratory tract and is seldom used for viral testing. In our study, sputum showed higher positive rate for the detection of respiratory virus than swab. For example, adenovirus was more likely to be detected in swab than that in sputum (11.6% vs 8.0%; *P \< *.001). This is inconsistent with the results obtained in a study conducted in adult outpatient, which showed that respiratory viruses were detected more frequently in sputum than that in swab.^\[[@R19]\]^ Another study also showed that while bacteria were more frequently detected in sputum, virus was more frequently detected in swabs.^\[[@R20]\]^ However, there are also other studies showing consistent results with our study. Branche et al showed that the sputum samples were able to increase the diagnostic yield of nasopharyngeal swab, which might be to higher viral loads in sputum than that in swabs.^\[[@R21]\]^ Similar finding that sputum samples can increase diagnostic yield were replicated in other studies.^\[[@R22],[@R23]\]^ Collectively, current evidences are inconsistent with regard to the diagnostic yield of sputum versus swab and further well controlled studies are required to settle this debate.

Seasonal variations of different types of viruses have also been reported in other studies. Saraya et al^\[[@R24]\]^ showed that influenza viruses were more frequently detected in spring and winter, and RSV was more common in autumn. The variation pattern of influenza viruses was generally consistent. However, our study showed that RSV was more common in winter and spring, which was different from that reported in Saraya\'s study. Their study was conducted in adult patients with asthma, which might be responsible for the difference. In another study conducted from the year 2002 to 2014 involving 5102 samples, RSV was most frequently detected from December to March, influenza viruses from November to March, and HRV from December to June.^\[[@R25]\]^ Yang et al\'s^\[[@R11]\]^ study found 2-peak patterns across age groups, one in winter and the other in spring/summer. The study was conducted in subtropical area, which was consistent with our study.

Several limitations must be acknowledged in the present study. First, the study was based on clinical samples and some relevant clinical characteristics were not included. For example, the severity of illness of the children, the diagnosis (upper respiratory tract infection vs pneumonia), and clinical outcomes (outpatient visit, hospital or ICU admission) can provide further insights into infection caused by different pathogens. Second, the study was retrospective in design, with inherent limitations such as selection bias and data missing.^\[[@R26],[@R27]\]^ However, the study was based on electronic healthcare records (EHR), which benefits from large number of samples and could be considered as a kind of big data.^\[[@R28]--[@R30]\]^ With the development of computer technology, the big data analytics have found its way into all walks of life.^\[[@R31],[@R32]\]^ In our study, the utilization of EHR can provide more insights into the epidemiology of viral respiratory tract infection in children. Third, the indications for the test of respiratory viruses in sputum and/or swab samples were not clearly defined in the study. Because the study was not prospectively designed and the ordering of sample test was largely determined by the treating physician. However, in our clinical practice, there were protocols for ordering tests for respiratory viruses and included patients were suspected to have ARTI. Finally, there are other minor respiratory viruses such as human bocavirus and rhinovirus that were not included in this analysis. Since they are also important pathogens for causing ARTI in children, we will plan future studies by incorporating these viruses.

In conclusion, the study reported epidemiological data on the prevalence of respiratory viruses in a large tertiary care children\'s hospital. The study showed that among samples tested for respiratory virus, RSV had the highest positive rate (13.0%), followed by influenza B (9.9%), adenovirus (8.9%), and influenza A (8.0%). The positive rates of the 4 respiratory viruses showed distinct seasonal patterns. Such a seasonal pattern may help to develop a specific vaccination program, which was shown to be effective in reducing the incidence and severity of respiratory infection in children.^\[[@R18]\]^
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